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Method of binding a compound to a sensor surface using hydro - 
phobin 

The present invention relates to a method of binding 
a compound to a sensor surface, said method comprising the 
step of adsorbing hydrophobin to said sensor surface. 

Generally, there is a need in the art to bind com- 
5 pounds to a sensor surface. To achieve this, it is known to 
adsorb hydrophobin to the surface of a sensor, and to chemi- 
cally link a compound to the adsorbed hydrophobin. In par- 
ticular, Wessels et al . (Advances in Microbial Physiology, 
2A, pp. 1-45 (1997)) suggest attaching small ligands to a 

10 layer of hydrophobin (p. 3 5) . The (only) example given re- 
lates to coupling a protein molecule onto a layer of hydro- 
phobin present on a gold surface. 

Coating the surface with a hydrophobin may reduce 
the sensitivity of the sensor, as less surface area is avail - 

15 able, or reactions to be detected take place at a greater 
distance from the sensor surface. 

The object of the present invention is to provide a 
method according to the preamble with improved sensitivity. 

To this end, the method according to the present in- 

20 vention is characterized in that the compound is chosen from 
the group consisting of i) an electroactive compound, an ii) 
a compound capable of being converted into an electroactive 
compound, said method comprising the steps of 
a) coating the electrode with a hydrophobin, and 

25 b) contacting the compound with the hydrophobin 

to form a hydrophobin coating containing said compound in a 
non-covalently bound form. 

A particular type of sensor is the electrochemical 
sensor, comprising an electrode as the sensor surface. Coat- 

3 0 ing an electrode with a hydrophobin would result in reduced 
access of electroactive compounds to the surface of said 
electrode. Surprisingly, we have found that it is possible to 
non-covalently incorporate a compound in said hydrophobin 
coating. The compound remains for a substantial time in the 

35 hydrophobin coating, as evidenced by experiment. The electro- 
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active nature of the compound improves the sensitivity of the 
electrode in comparison with a hydrophobin coating not con- 
taining said compound. 

In the present invention, the term "hydrophobin" re- 
5 fera to a protein capable of coating a surface, rendering a 
hydrophobic surface hydrophilic, and often vice versa, and 
having a length of up to 125 amino acids, consisting of a 
member from the group chosen from i) a protein having a con- 
served sequence 

10 X^-C-Xs^-C-C-X^^-C-Xe^j-C-Xs^-C-C-X^-C-X,,, 

wherein X, of course, represents any amino acid, and n and m, 
of course, independently represent an integer as disclosed by 
Weasels et al , (ref . 8) • These hydrophobins are typically 
isolated from fungi like Schi zop hyllum commune (ref . 8) ; and 

15 ii) a protein comprising a polypeptide having at least 40% 

identity and at least 5% similarity to at least one polypep- 
tide chosen from the group consisting of i) amino acids 29 - 
131 of SEQ NO. 1 and ii) amino acids 29 - 133 of SEQ. NO. 2. 
Such a protein may be derived from a filamentous bacterium, 

2 0 in particular a bacterium capable of forming aerial hyphae 
such as an Artinomypetp , and more specifically the filamen- 
tous bacterium may be a Streptomyceg species . A S t reptomyc e a 
species from which the protein may be isolated using standard 
procedures for the isolation of hydrophobins, is a Streptomy- 

25 ces species which has been transformed with a construct , that 
can be isolated from an E 1 coli strain which has been depos- 
ited on 14 March, 2000 under accession number CBS 102638 with 
the Centraalbureau voor Schimmelcultures (Oosterstraat 1, 
P.O. Box 273, 3740 AG Baarn, the Netherlands) . This is dis- 

30 closed in PCT/NL01/00268 . 

In the above definition, the term "identity" used in 
association with polypeptide is defined, in accordance with 
the state of the art, as having exactly matched amino acid 
residues. Here, sequences may comprise insertions or dele- 

35 tions. The term " similarity" used in association with poly- 
peptide denotes conservative substitutions. Conservative sub- 
stitutions are substitutions in which one amino acid is re- 
placed with another, where the following amino acids are con- 
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sidered similar: 
A,S,T; 
D,E; 
N,Q; 
5 R,K; 

I,L,M,V; . 

The term "electro -active" is defined as a compound 
which can undergo changes in the oxidation state, i.e. un- 

10 dergo a redox reaction. An electro-active compound will have 
a lower molecular weight than the hydrophobin, and more in 
particular it will have a MW of less than 2000, and more 
preferably less than 1000; Compounds capable of being con- 
verted into an electroactive compound are known in the art. 

15 They may become electroactive after, for example, irradiation 
with light. This allows the electroactive compound to be made 
available at a desired time. Some of the advantages of the 
use of such a compound are 

- more accurate measurements (background measurements can be 
20 made before the electroactive compound is released) 

- reduced consumption of electroactive compound. Generally, 
the compound capable of being converted into an electroactive 
compound will have a molecular weight as specified above. 

In particular, the compound is a hydrophobic com- 
25 pound or a compound containing a hydrophobic anchor. 

Such compound are among the compounds most stably 
maintained in the hydrophobin coating. It is thought that a 
planar hydrophobic compound or anchor may be beneficial. In 
the present application the term "anchor" is understood to 
30 mean a part of the compound, said part having a side and/or 
moiety lacking hydrophilic groups. It is also thought that 
the absence or a reduced number of negative and/or positive 
charges is advantageous. If charge is present, it is prefera- 
bly from weakly acidic or baBic groups, which can release or 
35 accept a hydrogenium ion to eliminate the charge. 

Advantageously, a second compound is bound cova- 
leritly to the hydrophobin, the second compound being an elec- 
troactive compound. 
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According to an alternative embodiment, second com- 
pound is bound non-covalently to the hydrophobin, through a 
third compound being an intermediate compound having affinity 
for the second compound, said second compound being an elec- 
5 troactive compound. 

Both these methods allow for a (more) selective me- 
surement. With the ("first") compound being present, good 
sensitivity is achieved even though the second compound is at 
a distance from the electrode surface. 
10 Hence, preferably the second compound is a redox en- 

zyme or a light receptor. 

A light receptor may, for example, be a haem-group 
or a chlorophyl -group . 

The invention also relates to an electrode coated 
15 with a hydrophobin, the hydrophobin containing a compound be- 
ing an electroactive compound. 

The electrode will be manufactured using any embodi- 
ment of the method according to the invention. 

The electrode may be, for example a gold or platinum 
20 electrode, and in particular, the electrode is a glassy- 
carbon electrode (GCE) , a glass electrode (GE)or a Thin Mer- 
cury Film Electrode (TMFE) . 

The invention also relates to a methode of perform- 
ing a measurement with an electrode coated with hydrophobin, 9 
25 characterized in that an electrode according to the invention 
is used. 

Finally, the invention relates to a sensor compris- 
ing an electrode according to the invention. 

Such a sensor may comprise further means for con- 
30 ducting a measurement, such as lead wires, integrated or non- 
integrated devices such as an amplifier, a reference elec- 
trode, signal processing means, as is well known in the art. 

The invention will now be illustrated by way of ex- 
ample and with reference to the drawing in which 
35 Fig. la-c show cyclic voltammograms showing the dif- 

ference between bare (1) and hydrophobin-modif ied (2) elec- 
trodes (GE, GCE, TMFE respectively) ; 

Fig. 2a, b show cyclic voltammograms using ferrocya- 
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nate ions as a probe to check the blocking properties of hy- 
drophobic 

Pig, 3a, b are similar to fig- 1 and show the effect 
of adsorption of ubiquinone Q10 adsorbed to a GC-electrode 
5- (GCE); 

Fig. 4 shows the effect of diazobenzene on a cyclic 
voltammogram for a GCE; and 

Fig. 5 is similar to fig. 4, except that the effect 
of ubiquinone QO is shown. , 

10 

Experimental Section 

Production and purification of the hy drop hob in . HYDPt-1 
hydrophobin was produced in Escherichia coli as a recombinant 

15 polypeptide of 13.7 kDa (ref - 1) . Briefly, the hydPt-1 cDNA 
was cloned in the pQE30 plasmid (Qiagen, Germany) to produce 
a fusion protein with a His-tag motif. Extraction was per- 
formed as described previously (ref. 1) . After chroma- 
tographic purification on a Ni 2 + affinity column, the HYDPt-1 

2 0 polypeptide was concentrated in 10 triM Tris-HCl by ultrafil- 
tration. 

Chemicals and Solutions. All chemicals were of analyti- 
cal grade. Tris (hydroxymethyl) aminomethane (Tris) , dimethylo- 
formamide (DMF) and LiOH were from Fluka. Coenzymes QO (2,3- 

25 dime thoxy- 5 -methyl -1 , 4 -benzoquinone ) and Q10 (ubiquinone 50) 
were from Sigma. Diazobenzene was from Reachim, Hungary. 
Methanol, citric acid and K 3 [Fe(CN} 6 ] were from POCh, Poland. 
All solutions were prepared daily. Distilled water was passed 
through a Milli-Q water purification system. The surface ten- 

30 9ion was 72.5 iriN m" 1 at 20°C and final resistivity was 18.3 MO 
cm" 1 . 

Electrochemical experiments. Voltammetry experiments 
were done at 20°C in three - electrode arrangement, with a 
calomel reference electrode, platinum foil counter electrode 
35 and GE, GCE or TMFE aB working electrodes. Eco Chemie AUTOIAB 
PGSTAT 3 0 system was used as the potent ios tat with an IBM PC 
and Eco Chemie software. In order to prepare the TMFE, a sil- 
ver wire or silver disk electrode, precleaned in concentrated 
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perchloric acid, was touched to a drop of mercury and 
cathodically polarized in 0,1 M KOH to obtain a shining and 
uniform layer of mercury, ca. 1 mm thick. The GE and GCE were 
polished on Buehler polishing papers and paste, and the GE 
5 was then cleaned in concentrated nitric acid. The electrodes 
were coated with the self -assembled hydrophobin upon contact 
with the surface of solutions containing 2 |ig of hydrophobin 
per 1 ml of 10 mM Tris-HCl buffer. The time of the hydropho- 
bin self-assembly and the conditions of QO, Q10 and diazoben- 
10 zene adsorption on hydrophobin coated electrodes are given 
below. 

Barrier properties of HYDPt-1 filma on gold and glassy 
carbon electrodes. The properties of HYDPt-1 layers adsorbed 
on hydrophilic and hydrophobic solid surfaces were compared 

15 using three different electrode substrates, namely GE, GCE 

and TMFE • The hydrophilic GE surface was modified with HYDPt- 
1 by self -assembling the protein at the liquid-air interface, 
followed by adsorption of the layer to the gold surface. The 
protein was assembled from 10 mM Tris-HCl buffer, pH 7.0, 

2 0 containing 2 jxg/ml hydrophobin, and adsorption to the surface 
was achieved by lifting the electrode up through the inters 
face, or by a horizontal touching of the hydrophobin-covered 
water surface with the electrode. Figure 1 shows the cyclic 
voltammograms recorded using the bare (1) and hydrophobin 

25 modified (2) electrodes. Figure la allows the comparison of 
the bare (1) and covered (2) GE. The curves are similar in 
that no decrease of background current is observed, and no 
peaks appear in the voltammogram. The presence of the hydro- 
phobin layer on the electrode surface is evidenced by the in- 

30 hibition of the final increase of anodic current due to gold 
oxidation. HYDPt-1 is inert in a wide range of potentials and 
does not lead to a decrease of capacity currents which means 
that the protein layers formed on the electrode are not as 
dense and highly blocking, as the layers of, e.g., alka- 

35 nethiols (ref. 2). The extent of blocking is not changed even 
after 24 hours of self-assembly. 

Wessels and W6sten observed that the SC3 hydrophobin had 
much higher affinity to hydrophobic than to hydrophilic sur- 
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faces (ref . 3, 4) . Two types of electrodes, GCE and TMFE, 
were therefore chosen as model hydrophobic surfaces to check 
the behavior of HYDPt-1. The results of self-assembly are 
shown in Figures lb and 1c respectively. In both cases the 
5 background currents become much smaller after modification 
(2) , demonstrating that the coverage of GCE and TMFE with 
HYDPt-1 is much higher, compared to that of the gold sub- 
strate. The protein layers are stable and firmly attached to 
the electrode substrate, as indicated by the GCE voltammogram 

10 which does not change over several weeks. In the case of 
TMFE, high quality films are formed even when the time of 
self-assembly is decreased from 24 hours to 20 minutes (fig. 
1c) . The capacity of the modified TMFE is significantly low- 
ered, and the onset of the mercury oxidation current is 

15 shifted towards more positive potentials, revealing strong 
blocking properties of the hydrophobin layer. An additional 
peak appears in the TMFE voltammogram at -0.58V. This peak 
corresponds to the reduction of mercury cysteinate formed on 
the electrode surface upon oxidation of mercury in the pres- 

20 ence of cystein thiol groups present in the protein. 

Stability of HYDPt-1 layers in solutions of different 
pH. The dependence of stability and blocking properties of 
HYDPt-1 layers on the pH of the solution was checked by re- 
cording multiple cyclic voltammograms using all electrodes in 

25 solutions of pH 2.2 (citric acid), pH 4.7 (citric acid / 

LiOH) , pH 7.0, pH 10.2 (Tris) , and pH 12.1 (LiOH) . The HYDPt- 
1 layer remained well attached to the electrode surfaces in 
all solutions studied, and the blocking effect on various 
substrates followed the behavior observed at pH 7.0, 

3 0 Probing blocking properties of HYDPt-1 layers using fer- 

rocyanate as the electrochemical probe. The ability of small 
hydrophilic anions to access the electrode surface through 
the HYDPt-l layer was checked using fezrocyanate ions as the 
electrochemical probe. Cyclic voltammograms were recorded in 

35 0.1 M / HC10« solution containing 0.75 mM K 3 Fe(CN) G (Figure 
2) . The voltammograms recorded for KjFe (CN) s using HYDPt-1 
coated (2) electrodes are different, compared to those ob- 
tained with a bare (1) GE (fig. 2a) or GCE (fig. 2b) , The 



ONTVANCEN 23-07-2001 12:46 



VAN-+3 1206260007 



NAAR-EP0.DG1 THE HAGUE 



PAC'S 015 



23-or-zooi 



12:52 VAN-LOS & STIGTER B.V, 



+31206260007 • T-510 P. 01 6/029 F- 



currents are much lower and the voltammetric curveB are more 
sigmoidal in shape. This behavior establishes that the extent 
of coverage of both electrodes by HYDPt-1 is high, and that 
the probe has a limited access to the electrode surface. The 
5 transition from peaked to sigmoidal shape is expected when 
the access sites are dispersed (ref . 5, 6), and when spheri- 
cal diffusion becomes the major process for transporting the 
molecules to the electrode surface, as distinct from the lin- 
ear diffusion observed for large bare electrodes. 

10 The GCE surface is blocked more efficiently than the gold 

surface, as shown with the experiments performed in pure sup- 
porting electrolyte solution- The latter results confirm a 
higher affinity of HYDPt-1 towards hydrophobic surfaces. 

Hydrophobic, as a "molecular glue" fox* immobilizing mole- 

15 cules on the electrode surface. WSsten and de Vocht suggested 
that hydrophobin might be used to attach cells to hydrophobic 
surfaces in medical and sensing devices (ref. 7) . In the pre- 
sent work we checked the ability of HYDPt-1 to bind through 
sorption different types of electroactive molecules to elec- 

2 0 trode surfaces. The long hydrocarbon chain ubiquinone (Q10) 

was used as a model' hydrophobic molecule. Firstly, the HYDPt- 
1 layer was self -assembled on the OCE from the usual solution 
(2 y,g/ 1 ml Tris buffer, pH 7.0) . Next, self-assembly of Q10 
was carried out from a solution containing 1 mg of QlO'in 1 

25 ml DMF. 

Electroreductioa of ubiquinone Q 10 immobilized on elec- 
trodes modified with HYDPt-1. In neutral aqueous solution 
ubiquinone undergoes reduction, according to the following 
scheme: 

O OH 



30 



CH 3 0'^Y^^(CH 2 CH-CCH 2 ) ia H CH3O^Y^< CH 2 CHs:=( f CH 2^0 H 
O CH 3 OH CHs 



Scheme 1 



The voltammetric curve obtained with ubiquinone Q10 adsorbed 
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on the HYDPt-l modified GE (2 in fig. 3a) and CJCE (2 in fig. 
3b) is shown. In fig. 3, 1 denotes an electrode covered with 
hydrophobin only. The shape of the curve and the linear de- 
pendence of the peak currents on the scan rate points to sur- 
5 face immobilization of ubiquinone. The GCE substrate covered 
with HYDPt-l was found to bind Q10 in a very stable way, giv- 
ing rise to ubiquinone reduction and oxidation signals which 
remained unchanged for several weeks. 

Elect ro reduction of diazobenzene immobilized on elec- 

10 trades modified with HYDPt-l, Diazobenzene is a small mole- 
cule with a photo- and electroactive azo group, which does 
not undergo adsorption on a bare glassy carbon electrode. 
However, when adsorbed on a HYDPt-l modified electrode, di- 
azobenzene remains stably attached to the surface, even after 

15 repeated transfers of the electrode into solutions of differ- 
ent pH and not containing the azocompound. Self -assembly of 
diazobenzene was carried out from a 1 mM methanol solution. 
Reduction of diazobenzene can be described as shown in the 
Scheme 2 : 

/ " ' -fsj=N — C /> + 2e +2H+ - - 4. >— NH— NH- 



20 






Scheme 2 



Figure 4 shows the cyclic voltammogram of diazobenzene 
adsorbed for 20 min on the HYDPt-l - modified electrode, re- 

25 corded in 0.1 M Tris / HC10 4 solution of pH 7.0. Curve 1 was 
recorded after adsorption of the diazobenzene for the same 
laps of time, but on the bare GCE . Curve 2 represents the 
electrode covered with hydrophobin, and curve 3 represents 
the electrode with both hydrophobin and diazobenzene. The 

30 well developed reduction and oxidation peaks do not change 
upon repeated cycling. The peak currents increase linearly 
with square root of the scan rate, indicating diffusion con- 
trol rather than surface - immobilized species, since the 
working solution does not contain diazobenzene, this depend - 

35 ence can be understood in terms of diffusion of diazobenzene 
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within the HYDPt-1 layer. Such behavior argues that, in the 
self-assembly process, the small and hydrophobic diazohenzene 
molecule penetrates into, and is immobilized in the HYDPt-1 
layer. 

5 The diazohenzene incorporated into the film is now being 

studied in our laboratories as a molecular switching device, 
based on the cis-trans isomerization taking place on UV irra- 
diation. 

Similar scan rate dependencies were observed for the QO 
10 molecule, which has the same headgroup as Q10 but does not 
possess an alkyl chain (Figure 5), and therefore can easily 
penetrate the HYDPt-1 layer. Curve 1 is a bare electrode in 
the presence of QO, and curve 2 an electrode covered with hy- 
drophobin and after adsorbtion of QO . 
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1. Method of binding a compound to a sensor surface, 
said method comprising the step of adsorbing hydrophobin to 
said sensor surface, characterized in that the compound is 
5 chosen from the group consisting of i) an electroactive com- 
pound, an ii) a compound capable of being converted into an 
electroactive compound, said method comprising the steps of 

c) coating the electrode with a hydrophobin, and 

d) contacting the compound with the hydrophobin 

10 to form a hydrophobin coating containing said compound in a 
non-covalently bound form. 

2* Method according to claim 1, characterised in 
that the compound is a hydrophobic compound or a compound 
containing a hydrophobic anchor. 

15 3. Method according to claim 1 or 2, characterized 

in that a second compound is bound covalently to the hydro- 
phobin, the second compound being an electroactive compound. 

4. Method according to any of the preceding claims, 
characterised in that a second compound is bound non- 
20 covalently to the hydrophobin, through a third compound being 

an intermediate compound having affinity for the second com- 
pound, said second compound being an electroactive compound. 

5 . Method according to claim 3 or 4 , characterized 
in that the second compound is a redox enzyme. 

25 6. Method according to claim 3 or 4 , characterized 

in that the second compound is a light receptor. 

7. Electrode coated with a hydrophobin, the hydro- 
phobin containing a compound being an electroactive compound. 
S. Electrode according claim 7, characterized in 
30 that the electrode is a glassy-carbon electrode, a glass 
electrode or a Thin Mercury Film Electrode. 

9. Methode of performing a measurement with an elec- 
trode coated with hydrophobin, characterized in that an elec- 
trode according to claim 7 or 8 is used. 
35 10 , Sensor comprising an electrode according to 

claim 7 or 8 . 
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The present invention relates to a method of binding 
a compound to a sensor surface, said method comprising the 
step of adsorbing hydrophobin to said sensor surface. Accord- 
ing to the invention, the compound is chosen from the group 
5 consisting of i) an elect roactive compound, an il] a compound 
capable of being converted into an electroactive compound, 
said method comprising . the steps of 

e) coating the electrode with a hydrophobin, and 

f ) contacting the compound with the hydrophobin 

10 to form a hydrophobin coating containing said compound in a 
non-covalently bound form. 
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SEQUENCE LISTING 
(Source: PCT/NL01/00268) 

5 <110> Biomade B.V. 

<120> Protein capable of self -assembly at a 
hydrophobic -hydrophylic interface 

10 <130> GB44441 

<;140> 
<141> 

15 <160> 4 

<17 0> Patentln ver. 2.1 

<210> l 
20 <211> 131 . 
<212> PRT 

<213;> Artificial Sequence 

<220> 
25 <221> SIGNAL 

<222> (1) . - (28) 

<40D> 1 

Met Leu Lys Lys Ala Met val Ala Ala Ala Ala Ala Ala Ser Val lie 
30 1 5 10 15 

Gly Met Ser Ala Ala Ala Ala Pro Gin Ala Leu Ala lie Gly Aap Asp 
20 25 30 

3 5 Asn Gly Pro Ala Val Ala Asn Gly Asn Gly Ala Glu Ser Ala Phe Gly 
35 40 45 

Asn ser Ala Thr Lys Gly Asp Met Ser Pro Gin Leu Ser Leu Val Glu 

50 55 60 
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Gly Thr Leu Asn Lys Pro Cye Leu Gly Val Glu Asp Val Asn Val Ala 
65 7D 75 80 

5 Val lie Asn Leu Val Pro lie Gin Asp He Asn Val Leu Ala Asp Asp 

85 90 95 

Leu Asn Gin Gin Cys Ala Asp Asn Ser Thr Gin Ala Lye Arg Asp Gly 
100 105 110 

10 

Ala Leu Ser Hia Val Leu Glu Asp Leu Ser Val Leu Ser Ala Asn Gly 
115 120 125 

Glu Gly Arg 
15 130 



<210> 2 
2 0 <211> 133 
<212> PRT 

<213> Streptomyces coelicolor 

<220> 
25 <221> SIGNAL 

<222> (1) . . (28) 

<400> 2 

Met lie Lys Lys val val Ala Tyr Ala Ala He Ala Ala ser Val Met: 
30 1 5 10 15 

Gly Ala Ser Ala Ala Ala Ala Pro Gin Ala Met Ala He Gly Asp Asp 
20 25 30 

35 Ser Gly Pro val Ser Ala Asn Gly Asn Gly Ala Ser Gin Tyr Phe Gly 

.35 4Q 45 
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Asn Ser Met Thr Thr Gly Asn Met Ser Pro Gin Met Ala Leu He Gin 
50 55 60 

Gly Ser Phe Asn Lys Pro Cys He Ala Val Ser Aap He Pro Val Ser 
5 65 70 75 80 

Val He Gly Leu Val Pro He Gin Asp Leu Asn Val Leu Gly Asp Aap 
SS 90 95 

10 Met Aen Gin Gin Cys Ala Glu Asn Ser Thr Gin Ala Lys Arg Asp Gly 
100 105 HO 

Ala Leu Ala His Leu Leu Glu Asp Val Ser He Leu Sex* Ser Asn Gly 
115 120 125 



15 



Glu Gly Gly Lys Gly 
130 



20 <2i0> 3 

<211> 396 
«c212:> DNA 

<213> Strep tomyces coelicolor 

25 <;400> 3 

gtgctcaaga aggcaatggt cgccgcggcg gctgccgctt ctgtgatcgg catgtcggct 60 
gccgecgctc cccaggocct ggccatcggg gacgacaacg ggccggccgt ggccaacggc 120 
aacggcgccg agtcggcgtt cggcaactcg gccaccaagg gcgacatgag cccccagctg 180 
tcgctggtcg agggcacgct gaacaagccg tgcctcggtg tcgaggacgt caacgtcgcc 24 D 
3 0 gtcatcaacc togtgccgat ccaggacatc aacgtcctgg cggacgacct gaaccagcag 300 
tgcgcggaca actccacgca ggccaagcgg gacggcgccc tgtcgcacgt cctggaggac 3 60 
ctgtcggcgc tgtcggcgaa cggcgagggc cgctga 3 96 



35 c2l0> 4 

«^2ll> 402 
<=212=» DMA 

«*213» Stireptamyces coelicolor 
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<;40O> 4 



gtgatcaaga aggtagctgc ccacgcggcg atcgccgcct ccgtcatggg tgcctccgct SO 
gccgcggccc cgcaggcgat ggcgatcggc gacgacagcg ggccegtctc cgccaacggg 120 
5 aacggcgcct cgcagtactx cggcaactcg atgaccacgg gcaacatgag cccgcagatg 180 
gcgctcatcc agggcccgtt caacaagccg tgcatcgcgg tcagcgacat cccggtcagt 240 
gtcatcggtc tggtgccgat ccaggacctc aacgtcctgg gcgacgacat gaaccagcag 300 
tgegccgaga actcgacgca ggccaagcgc gacggtgcgc tggcccacct cctggaggac 3 60 
gtctcgatcc tgtcctccaa cggcgagggc ggcaagggct ga 4 02 



10 
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